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Introduction
Vitamin D metabolites modulate the in vitro activity of
chondrocytematrix metalloproteinase (MMP)-3, which plays
an essential role in the degradation of articular cartilage.1–3
Clinically, suboptimal serum concentrations of the hormone
have been linked to hip and knee osteoarthritis (OA) in large,
population-based cohort studies.3–6 To our knowledge, no
analogous relationship has been demonstrated for interver-
tebral disk pathology. However, MMP-3 and MMP-3-activat-
ed collagenases hydrolyze components of the disk, and







Abstract Study Design Single-center, retrospective study.
Objective Suboptimal concentrations of vitamin D have been linked to hip and knee
osteoarthritis in large, population-based cohort studies. We sought to examine
the association of vitamin D levels with intervertebral disk disease.
Methods From January 2010 through May 2011, 91 consecutive, eligible adult
spine surgery patients who had undergone cervical magnetic resonance imaging
(MRI) and preoperative serum 25-hydroxyvitamin D (s25D) measurement were retro-
spectively included. MRI was read for C2–T1 disk herniation and degeneration (grades I
to V). Logistic regressions were performed.
Results Compared with the 384 disks of nondeﬁcient patients, 162 disks of vitamin D-
deﬁcient (< 20 ng/mL) patients were more frequently herniated (40% versus 27%,
p ¼ 0.004); deﬁciency was not predictive of individual disk grade (unadjusted odds ratio
[uOR] ¼ 0.98, p ¼ 0.817). On regression analysis, deﬁciency was associated with
increased number of herniations per patient (uOR ¼ 2.17, 95% conﬁdence interval
[CI] ¼ 1.22 to 3.87, p ¼ 0.009; adjusted odds ratio [aOR] ¼ 2.12, 95% CI ¼ 1.11 to
4.03, p ¼ 0.023). When disks were analyzed individually, and levels (e.g., C5 to C6),
additionally controlled for, deﬁciency correlated with greater likelihood of herniation
per disk (uOR ¼ 1.81, 95% CI ¼ 1.22 to 2.66, p ¼ 0.003; aOR ¼ 2.06, 95% CI ¼ 1.25 to
3.41, p ¼ 0.005).
Conclusion Among adults undergoing spine surgery at our institution, vitamin D
deﬁciency was associated with cervical disk herniation. Considering the current
epidemics of vitamin D insufﬁciency and neck pain, further investigation is warranted,
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proinﬂammatory cytokines by cells of the human annulus
ﬁbrosus.7,8 Thus, vitamin D deﬁciency may conceivably pre-
dispose to neck and back pain via disk degeneration, hernia-
tion with neural compression, and chemical radiculitis.7,9,10
Numerous studies have drawn attention to the high global
prevalence of hypovitaminosis D, which may exceed 1
billion.11 Despite the aforementioned in vitro studies, the
extent to which vitamin D deﬁciency contributes to the
pathogenesis of certain musculoskeletal conditions such as
OA and degenerative disk disease is not yet clearly elucidated.
Back and neck pain, in particular, afﬂict a high proportion of
adults at somepoint during their lives and annually incur well
over 100 billion dollars in health care expenditure and wage
loss in the United States alone.12–14 With the present study,
we sought to characterize the relationship between vitamin D
deﬁciency and degenerative vertebral pathology—speciﬁcal-
ly, disk degeneration and herniation. We hypothesized that
vitamin D-deﬁcient patients would have a higher prevalence
of disk herniation and/or more advanced degenerative disk
disease than those with adequate levels of the hormone.
Materials and Methods
Patient Selection
The serum 25-hydroxyvitamin D (s25D) concentrations of
adults undergoing orthopedic spine surgery at our institution
have been routinely measured since 2010 with the DiaSorin
LIAISON (Diasorin Inc., Stillwater, Minnesota, United States).
Following institutional review board approval, operative re-
ports of ﬁve surgeons were monitored from January 2010
through May 2011. Consecutive adults ( 18 years) with
cervical magnetic resonance imaging (MRI) and preoperative
s25D measurement were identiﬁed. Of note, several patients
whose preoperative s25D measurement was obtained prior
to a thoracic and/or lumbar fusion were included; these
patients underwent cervical spine MRI for a variety of rea-
sons. For example, they may have had concurrent neck pain,
or the surgeon may have been considering including the
cervical spine in their fusion construct. Exclusion criteria
were prior vitamin D supplementation, active infection,15
active inﬂammatory spondyloarthropathies,15,16 cervical
neoplasm, congenital autofusion, radiotherapy, and surgery.
Of 900 adults who underwent any surgery during the study
timeframe, 91 consecutive, eligible patients were included.
The low inclusion rate is largely derived from the temporal
disparity with which each surgeon began routinely ordering
s25D during 2010. The present time frame extends back to
January 2010 for all surgeons for uniformity and to ensure
that all measured patients were captured.
Radiologic Evaluation
In accordance with published reliability studies, MRI was
evaluated for C2–T1 disk degeneration and herniation.17–19
Degenerationwas rated on a spectrum from normal structure
and signal intensity (grade I) to disk collapse (grade V) and
summed per patient (►Fig. 1).18 This grading scheme was
devised by Miyazaki et al and is described in detail in their
original work.18 In the present study, the ﬁrst author read
each patient’s MRI on two occasions and came to a consensus
for each parameter. These data were utilized for analysis.
Another author then independently reviewed the MRI twice;
intraobserver agreement κ statistics were calculated per disk
between these two readings. Interobserver κ values were
derived using the secondary reader’s second and primary
reader’s consensus evaluations. Both authors were unin-
volved in the care of the analyzed cohort and blinded to
s25D levels during imaging assessment. The interobserver κ
statistics for grade and herniationwere 0.59 and 0.66, respec-
tively. Those relating to intraobserver reliability were 0.83
and 0.84. Values from 0.41 to 0.60 have been described as
moderate; those between 0.61 and 0.80, substantial; and 0.81
to 0.99, approaching absolute agreement.20 The observers
agreed on the presence or absence of herniation for the
overwhelming majority of disks, 465 of 546 (85%).
Statistical Analysis
Averages are reported as means with standard deviations.
Fisher exact and Mann-Whitney U tests were employed to
compare subgroups. Vitamin D deﬁciency was deﬁned as
s25D below20ng/mL.11 The following factorswere controlled
for in multivariate regression models: s25D measurement
season, skin tone, age, gender, body mass index, active
smoking within 2 months, pack-year smoking history, multi-
vitamin use, native patient latitude, American Society of
Anesthesiologists (ASA) status grade, symptom-generating
spinal injury, and patient-reported visual analog scale (VAS)
pain scores (scored 0 to 10).
Skin tone was categorized as light (self-reported “Caucasian”
or “Asian”) or dark (“Hispanic” or “African American”), in accor-
dance with a published analysis of hypovitaminosis D among
Fig. 1 Sagittal T2-weighted scan shows disk herniation at C5–C6.
C2–T1 disk grades are depicted, overlying the adjacent cord. This
patient underwent anterior cervical disk replacement at C5–C6.
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723 orthopedic surgery patients.21ASA grades stood as an index
of comorbidity, and VAS reﬂected overall pain intensity. Cova-
riates were deemed clinically relevant a priori.3,5,6,11,16 For
instance, excess adipose tissue and advanced age limit bioavail-
ability and biosynthesis of vitamin D, respectively.11 The Neck
andOswestryDisability Index scoreswerepooledbut eventually
disregarded due to their suboptimal completion rate (79 of 91,
87%) and correlation with VAS (100% completion; Spearman
ρ ¼ þ0.57, p < 0.001).22,23 Two patients (12 of 546 disks, 2.2%)
who failed to complete questionnaires were excluded from
multivariate analysis.
Linear regressionwas utilized to assess the relationships
between deﬁciency or age and the number of herniations
per patient or summed degeneration score of each patient.
Taking on the characteristics of their respective patient,
disks were then analyzed as separate entities; binary
logistic regression was used to assess the association of
deﬁciency with herniation, and linear regression was em-
ployed to do so for deﬁciency and individual disk grade.
Binary logistic regression was also utilized in examining
the association between herniation and individual disk
grade. Cervical levels (e.g., C2–C3 to C7–T1) were addition-
ally controlled for when separately analyzing disks to
account for the varying biokinematics thereof. If dependent
variables (degeneration or herniation) were insigniﬁcantly
associated with s25D deﬁciency on univariate regression,
multivariate analysis was forgone. No signiﬁcant p value
reported herein became insigniﬁcant or vice versa with
robust regression modeling. The two-tailed threshold of
signiﬁcance was p < 0.05.
Results
Characteristics of the study cohort are summarized
in ►Table 1. Operations consisted of 57 anterior and 2 poste-
rior cervical fusions, 3 cervical disk replacements, 19 cervical
decompressions, and 12 thoracic and/or lumbar fusions. Two
underwent combined cervical fusion and arthroplasty. Sixty-
three operationswere indicated, at least in part, for 99 cervical
herniations. In total, 74 patients (81%) had 166 herniated
cervical disks (30%), and the average summed degeneration
score was 20  4.0. Grades III (39%) and IV (39%) predomi-
nated. Twenty-seven patients (30%) were vitamin D-deﬁcient.
Deﬁciency was positively associated with the number of
herniations per patient (unadjusted odds ratio [uOR] ¼ 2.17,
95% conﬁdence interval [CI] ¼ 1.22 to 3.87, p ¼ 0.009; ad-
justed odds ratio [aOR] ¼ 2.12, 95% CI ¼ 1.11 to 4.03,
p ¼ 0.023) but not the summed degeneration score (uOR
¼ 0.89, p ¼ 0.896). Increasing age was strongly correlated
with overall degeneration (uOR ¼ 1.24, p < 0.001) but not
herniations per subject (uOR ¼ 1.01, p ¼ 0.450; aOR ¼ 1.00,
p ¼ 0.903). None of the remaining covariates was signiﬁcant-
ly associated with herniation quantity, including VAS pain
(aOR ¼ 0.95, p ¼ 0.393).
Compared with the 384 disks of nondeﬁcient patients, the
162 disks of vitamin D-deﬁcient patients were more
Table 1 Total cohort and patients with and without herniationa
Total Herniation No herniation
Patients, n (%) 91 (100.0) 74 (81.3) 17 (18.7)
Vitamin D deﬁcient, n (%)b 27 (29.7) 24 (32.4) 3 (17.6)
Women, n (%) 37 (40.7) 29 (39.2) 8 (47.1)
Age, mean (SD), y 52.1 (13.2) 52.8 (11.2) 49.2 (20.0)
Light-skinned, n (%)c 87 (95.6) 70 (94.6) 17 (100.0)
Body mass index, mean (SD), kg/m2 29.8 (5.9) 30.5 (5.9)d 26.4 (4.4)d
Multivitamin use, n (%) 16 (17.6) 13 (17.6) 3 (17.6)
Current smoker, n (%)e 21 (23.1) 17 (18.7) 4 (23.5)
Smoking history, mean (SD), PYf 13.9 (19.2) 15.0 (19.4) 8.8 (18.3)
Native latitude, mean (SD), n 38.1 (2.0) 38.3 (1.4) 37.2 (3.6)
Prior spinal injury, n (%) 37 (40.7) 29 (39.2) 8 (47.1)
VAS pain, mean (SD), score 6.7 (2.5) 6.6 (2.6) 7.0 (2.1)
ASA status I, n (%) 6 (6.6) 4 (5.4) 1 (6.3)
ASA status II, n (%) 61 (67.0) 50 (67.6) 11 (68.8)
ASA status III, n (%) 24 (26.4) 20 (27.0) 4 (25.0)
Abbreviations: ASA, American Society of Anesthesiologists; PY, pack-years; SD, standard deviation; VAS, visual analog scale.
aCompared with Fisher exact and Mann-Whitney U tests.
bSerum 25-hydroxyvitamin D concentration below 20 ng/mL.
cSelf-reported “Caucasian” and “Asian.”
dDenotes p < 0.01. No other pair of variables was signiﬁcantly different.
eWithin 2 mo prior to documentation.
fSmoking history not quantiﬁed by 1 patient in each subgroup.
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frequently herniated (40% versus 27%, p ¼ 0.004; ►Table 2).
By disk, deﬁciencywas correlatedwith increased likelihood of
herniation (uOR ¼ 1.81, 95% CI ¼ 1.22 to 2.66, p ¼ 0.003;
aOR ¼ 2.06, p ¼ 0.005; ►Table 3). Levels C4–C5, C5–C6, and
C6–C7 were potentially more accurate determinants of her-
niation, as suggested by their larger odds ratio values
(►Table 3). Deﬁciency was not associated with individual
disk degeneration severity (uOR ¼ 0.98, p ¼ 0.817). Disk
grades lost their association with herniation when spinal
levels alone were included as covariates (uOR ¼ 1.38,
p ¼ 0.002; aOR ¼ 1.08, p ¼ 0.529).
Discussion
In the present study, preoperative vitamin D deﬁciency in
adult spine surgery patients at a single institution was
positively associated with the number of cervical disk her-
niations per patient (aOR ¼ 2.12, p ¼ 0.023). No relationship
was discerned between deﬁciency and summed disk degen-
eration score (uOR ¼ 0.89, p ¼ 0.896). When disks were
analyzed as distinct entities, lower levels of vitamin D were
associated with a greater likelihood of herniation (uOR
¼ 1.81, p ¼ 0.004; aOR ¼ 2.06, p ¼ 0.005). Cervical spinal
level appeared to account for any association between herni-
ation and degeneration.
In chondrocyte models, vitamin D negatively modulates
MMP-3, and it has been theorized that s25D insufﬁciency
may drive cartilage remodeling in favor of degradation.1–3
Lane et al demonstrated that low s25D conferred increased
risk of incident hip OA in elderly women.3 Low vitamin D
predicted progression of knee OA in the Framingham Study.4
More recently, s25D positively correlated with quantitative
tibial cartilage volume on MRI among adults in Tasmania;
values below 50 nmol/L were associated with tibiofemoral
joint space narrowing.5Despite vitamin D’s theoretical ability
to diminish hydrolysis of proteoglycan,1–3 a major constitu-
ent of the nucleus pulposus,7 deﬁciency was not associated
with degeneration here. This may be attributed to the general
acellularity, tenuous nutrient supply, and immunoprivilege of
the nucleus, which likely renders it relatively insensitive to
ﬂuctuating s25D.
The annulus ﬁbrosus is, in contrast, directly exposed to
vitamin D metabolites in the cerebrospinal ﬂuid and more
vascularized than the nucleus.7,8Having localized the vitamin
D receptor within human annulus cells, Gruber et al observed
dramatic downregulation of monocyte chemoattractant pro-
tein-1, interferon-γ, and interleukin (IL)-8 upon administra-
tion of 24,25- or 1,25-dihydroxyvitamin D, calcitriol.8 Each of
these proinﬂammatory factors has been isolated from herni-
ated disk tissue, and each enhances chemotaxis or activity of
monocytes.8 In a human tumor necrosis factor (TNF) murine
model of arthritis, vitamin D receptor knockout engendered a
proinﬂammatory macrophage inﬂux to the diseased joints,
exacerbating cartilage erosion.24 Lack of vitamin D receptor
signaling also augmented monocyte expression and serum
levels of TNF and IL-1.24 Bolstering these results, calcitriol has
been shown to attenuate TNF production by T cells from
rheumatoid patients and mononuclear cell secretion of IL-1β
and TNF,25,26 both of which have been widely implicated in
disk disease pathogenesis.7–9
When chondrocyte-like cells of nondegenerated human
disks are challenged with IL-1β, MMP-3, and collagenase
(MMP-13) are upregulated.9 Aggrecan is simultaneously
downregulated, representing an imbalance between catab-
olism and anabolism. In degenerated specimens, IL-1β
ampliﬁes its own expression, MMPs are upregulated, and
the expression of aggrecan and collagen I and II decline.
This IL-1β-induced phenotype can be partially reversed in
human chondrocytes by transforming growth factor-β,27
the chondrocyte-speciﬁc effects of which are modulated by
vitamin D.28 Although Le Maitre et al did not study herni-
ated tissue, the generated metabolic shift is likely more
detrimental to the annulus than nucleus.9 The former is
predominantly collagenous, with a highly organized, la-
mellar architecture. We believe this catabolic cascade is a
potential, biological etiology of the association demon-
strated between deﬁciency and herniation, which by deﬁ-
nition entails annular rupture. In turn, our observations
may also add weight to previous genetic studies that have
linked vitamin D receptor polymorphismswith lumbar disk
disease and a vitamin D receptor phenotype signature to
arthritis resistance.29,30
Table 2 Comparison of vitamin D-deﬁcient and nondeﬁcient statesa
Herniation, n (%) Deficientb Nondeficient OR 95% CI p value
Patients 24 (88.9) 50 (78.1) 2.24 0.59–8.54 0.439
Total levels 64 (39.5) 102 (26.6) 1.81 1.22–2.66 0.004
C2–C3 level 6 (22.2) 12 (18.8) 1.52 0.51–4.56 0.999
C3–C4 level 11 (40.7) 14 (21.9) 2.46 0.93–6.48 0.096
C4–C5 level 15 (55.6) 16 (25.0) 3.75 1.46–9.67 0.009
C5–C6 level 16 (59.3) 31 (48.4) 1.55 0.62–3.85 0.489
C6–C7 level 15 (55.6) 27 (42.2) 1.71 0.69–4.24 0.341
C7–T1 level 1 (3.7) 2 (3.1) 1.19 0.10–13.7 0.999
Abbreviations: CI, conﬁdence interval; OR indicates unadjusted odds ratio.
aDeﬁcient and nondeﬁcient states are compared with Fisher exact test.
bSerum 25-hydroxyvitamin D concentration below 20 ng/mL.
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Despite their novelty, our results have inherent limita-
tions. Foremost, the demonstrated associations are based
on retrospectively collected data. Amodest sample size was
analyzed, and the numerous exclusion criteria hamper
generalizability. The issue of selection or sampling bias
must also be addressed. The analyzed cohort comprised a
subset of the patient population of highly subspecialized
spine surgeons at a single tertiary-referral, academic med-
ical center. Thus, the prevalence of disk pathology was
undoubtedly increased in comparison to that of the general
population. Such prominent sampling bias not only further
limits extrapolation of results, it also augments the likeli-
hood of identifying statistically signiﬁcant associations. It
should be underscored, then, that the authors have made
no calls for vitamin D supplementation to prevent hernia-
tion or screening of those with spinal pathology; such
actions would be premature. Although supplementation
is largely efﬁcacious, it is not without risk (e.g., hypercal-
cemia and nephrolithiasis),11 and widespread screening is
not without cost. Last, it is impossible to know whether
herniation-related symptomatology, a potentially con-
founding factor, was adequately controlled for. Intuitively,
debilitating spinal pathology limits sunlight exposure nec-
essary for vitamin D biosynthesis.11,16
In a population-based, cross-sectional survey of 1,131
Canadian adults, the lifetime prevalence of neck and low
back pain was 67% and 84%, respectively.13,31 In the United
States, as few as 5% of patients who experience an episode of
back pain incur 75% of over 100 billion dollars in total
annual cost, with lost wages and surgery factoring promi-
nently.14 Moreover, in recent years, Medicare recipients
underwent increasingly complex surgery for lumbar stenosis,
entailing heightened risk of short-term mortality and re-
source utilization.32 These statistics underscore a need to
more fully elucidate the pathophysiology of intervertebral
disk disease such that future physicians may be equipped to
intervene before costly surgery is necessitated.
In summary, our study demonstrates that vitamin D
deﬁciency was associated with cervical disk herniation in a
population of adults undergoing spine surgery. Although the
study design and sampling bias preclude inference of causali-
ty, the biological effects of vitamin D provide ample rationale
for the associations drawn from these data. Considering the
profound socioeconomic burden of disk disease and the
ubiquity of hypovitaminosis D, longitudinal clinical studies
and further basic science investigation arewarranted tomore
clearly delineate the effects of vitamin D deﬁciency on the
aging spine.
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